In this paper, densities (d), sound velocities (v), and viscosities ( ) of proline in 0.5, 1.0 and 1.5% (w/v) ethanolic solution of lecithin have been measured between 25-40 C at an interval of 5 C. The apparent molar volume ( v and apparent molar adiabatic compression ( have been calculated using density and velocity of sound data. These parameters were found to be sensitive towards the interactions prevailing in the studied lipidproline-ethanol systems. The analysis of the data suggests that v and values are positive in all the systems at all temperatures and decrease sharply on addition of proline showing a minimum between 6.5-7.8 mmol · kg −1 thereafter the decrease, is almost linear. These parameters are found to be consistent with temperature as well over the entire concentration range. The viscosity data have been analyzed by using Jones-Dole equation to evaluate viscosity B coefficients, the results of which have been discussed in terms of solutesolvent interactions. FTIR studies further substantiate the fact that proline molecules tend to polymerize showing maximum aggregation in the region between 6.5-7.8 mmol · kg −1 as is evident from N H and C O stretching frequencies.
INTRODUCTION
Lipid-protein system constitute one of the most spectacular branch of the modern science that has seen input from many disciplines such as chemistry, physics, biochemistry and biotechnology and find useful applications in biological, pharmaceutical and industrial systems. [1] [2] [3] The solution behavior of phospholipid (lecithin) continues to interest the researchers in academics; primarily for the reason that phospholipids have polar as well as non polar parts, thus can behave as surfactant. Due to the complex conformational and configurationally three-dimensional structures of proteins, direct investigations of solute/solvent effect on these biological macromolecules are quite difficult. Therefore, one convenient approach that reduces the degree of complexity of measured techniques is to study the interactions in the systems containing simple model compounds, the amino acids yielding valuable insight into the diversity of protein-surfactant interactions. Thus, the investigation of thermodynamic and volumetric properties of amino acids in aqueous and mixed solvents has been an area of interest for a number of researchers. [4] [5] [6] [7] [8] Such studies throw more light on the molecular interactions viz. hydrogen bonding, ion-ion, ion-solvent, solute-solvent, etc. and exhibit the behaviour of structure making and breaking of studied amino acids. Moreover, amphiphilic nature of both amino acid and phospholipid molecules contributes not only to electrostatic effect (due to polar nature), but also to hydrophobic effects resulting from non-polar nature of these molecules.
In the present work, therefore attempts have been made to investigate the solution behavior of phospholipidprotein interaction by taking lecithin-proline system in ethanol. The contribution from electrostatic interaction is relatively insignificant in the present case for the reason that proline shows unique behavior of ring stacking to form a polymer of proline monomers at a critical concentration. To understand this effect in an elaborative manner, we try to explore the contribution due to hydrophobic interactions towards the stacking polymerization of proline at different temperatures and lecithin compositions.
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EXPERIMENTAL DETAILS
Materials
Ethanol for analysis of purity > 99% and L--proline for biochemistry (Mol.wt. 115.13 g · mol -1 were obtained from Merck. Egg lecithin 60% (L--Phosphatidycholine) was obtained from HiMedia Chem. Ltd.
Apparatus and Procedure
Ethanolic solutions of proline of different molar concentrations in the range 1.7-12.0 mmol · kg −1 were prepared by the addition of small aliquots of concentrated solution of proline to 10 ml of 0.5, 1.0 and 1.5% w/v lecithin solutions taken as a solvent medium. The solutions so obtained were gently stirred on magnetic stirrer before measurements. Density (d) and velocity of sound (v) data of proline solutions were obtained with a high-precision Anton Paar Density and Sound Analyzer-5000 (DSA-5000). The instrument was calibrated with deionized water obtained from a Millipore-Elix system; the conductivity, and the pH of the water collected were (1-2 × 10 -7 S · cm -1 and (6.8-7.0) respectively (all at 25 C). The precision in density and speed of sound measurements is 1 × 10 −6 g · cm −3 and 1 × 10 −2 m · s −1 , respectively. The reproducibility of velocity of sound and density data was ± 0.2 m · s -1 and ± 2 × 10 −6 g · cm -3 , respectively over the entire concentration and temperature range of measurements. The precision in temperature was ± 0.001 C. Viscometric studies were carried out using a jacketed Ostwald viscometer with flow time 354 s for pure water at 25 C. The calibration of viscometer was done using different solvents, e.g., dioxane ( = 1 1937 cP at 25 C), dimethylsulfoxide ( = 2 0067 cP at 25 C), etc. These values agreed reasonably well with the literature values. 9 The viscosity values were found reproducible within ± 0.01%. The FTIR study has been done with help of FTIR spectrophotometer ( = 4000 − 200 cm −1 NICOLET-5700. to the structure making of solvent with added proline. 10 The presence of molecular association in the solvent mixtures is reflected by the increase in velocity of sound. Such behaviour has also been reported for different amino acids in aqueous sodium acetate mixtures, where the increase in sound velocity has been attributed to enhanced cohesion between molecular species present in solvent system.
RESULTS AND DISCUSSION
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Density and velocity of sound values have been used to evaluate apparent molar volume ( v and apparent molar adiabatic compression ( using the relations
where m (mol · kg Table I-III. From Figures 1-3 (a), it is clear that isentropic compressibility s decreases regularly with concentration of proline up to ≈ 6.5 mmol · kg −1 and then becomes almost constant. These results suggest increased association, initially between proline monomers and ethanol which may result in hydrophobic ring stacking aggregation. s increases with rise in temperature and decreases with increase in percentage of lecithin. Similar kind of decrease in s values has been observed in aqueous glucose/sucrose solutions of proline. 13 The variations in v and k with proline concentration at all temperatures and percentage of lecithin have been shown in Figures 1-3(b) and (c). Perusal of these graphs show that the v values are positive in all the studied systems at all temperatures, however decrease rapidly on addition of proline approximately up to 6.5 mmol · kg −1 , after which constancy in v values has been observed. This behaviour remains same at all lecithin concentrations, however, v values increase regularly with increase in lecithin concentrations. These results are in contrast to our earlier studies in gelatin-SDS and gelatin-TritonX-100 systems, 14 15 where v values have been found to be negative, showing the dominance of hydrophobic interactions with weaker electrostatic interactions. In case of Furosemide-SDS system, a similarly charged system offers greater hydrophobic and lesser ionic interactions as compared to oppositely charged furoesemide-CTAB system where different interactions are manifested. 12 Proline, an amphipathic molecule has characteristics of both structure making and structure breaking with regard to solvent and thus shows unusual solution thermodynamics. [16] [17] [18] [19] It reduces the negative destabilization free energy and exposing the hydrophobic parts of phospholipids. 20 Further, proline is known to participate in intermolecular alternate stacking at moderate concentrations in solution. 21 As a result proline associates to form a polymer like hydrophilic colloid, with the hydrophobic moiety of pyrrolidine rings stacked and the carboxylate group extended from the ring hydrogen is bonded to the disubstituted amine of next adjacent monomer through solvent molecules. It has been also cited in IR, NMR and viscosity studies that proline strongly forms hydrogen bonds in water. 21 22 Based upon these studies, it is proposed that when proline is added to lecithin solution, there occur structural rearrangements as a result of higher interaction between ethanol and amphipathic proline. Consequently, hydrophobic positions of phospholipids may get exposed and result in higher hydrophobic interactions. This process is manifested in the initial decrease in v values (up to ≈ 6.5 mmol · kg −1 as a result of increase in hydrophobic interactions. A region of constancy may be regarded as hydrophobic ring stacking aggregation of proline through hydrogen bonding via solvent molecules in alcoholic solutions of lecithin. Such an aggregation is more prominent the structure and molecular interactions in solutions. From Figure 4 , it is clear that viscosity increases with increase in concentration of proline. Higher lecithin concentration increases viscosity; however it decreases with rise in temperature at all lecithin concentrations. In case of prolinesugar system, 13 viscosity increase has been attributed to increase in hydrophilic-ionic and hydrophilic-hydrophobic interactions with increase in proline zwitter ions in solutions which in turn may cause more frictional resistance to flow of solution. With rise in temperature, a decreasing trend in viscosity has been seen, it happens because of decrease in different intermolecular interactions. Further insight has been obtained by calculating the viscosity coefficients A and B for the amino acid proline in ethanolic lecithin solutions (0.5, 1.0, and 1.5% w/v) from the Jones-Dole equation: 23 24
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Where, and o are the viscosities of the solution and solvent respectively and C (mol · kg −1 is the molal concentration of the solute. A represent the solute-solute interactions and B is a measure of structural modifications induced by the solute-solvent interactions. 25 The variation of ( r −1)/C 1/2 with C 1/2 at different temperatures is given in Figure 4 . The A and B coefficients at different temperatures were obtained from the intercepts and slopes of the plots of ( r -1)/C 1/2 versus C 1/2 , respectively. The A-coefficients which reflect solute-solute interactions are found to be small and negligible in this case suggesting weak solute-solute interactions. However, the values of B-coefficients are reported in Table IV The temperature derivative of B-coefficient (dB/dT ) also provide important information regarding structure making (−dB/dT ) and structure breaking (+dB/dT ) ability of solute in a solvent medium. 26 27 In the present case, dB/dT has been found to be negative. This clearly shows structure making effect of proline in lecithin solutions of varying concentrations which is in contrast to other amino acids in aqueous 1,4-butanol 28 and for glycine in different alcoholic systems. 29 Proline acts as a structure maker in sugar solutions where ionic-hydrophilic interactions dominate over hydrophobic-hydrophilic interactions. 13 
FTIR Studies
Additional evidence for above studies has been provided by FTIR studies. Table V reports the N H (secondary) and C O stretching frequency of proline molecules, which decreases with the increase of proline concentration and this decrease is much predominant at 6.5 mmol · kg (for N H stretching) and 7.8 mmol · kg −1 (for C O stretching) of proline, which is the aggregation region as observed from above studies. All these facts show that proline undergoes ring stacking polymerization through hydrogen bonding between -N H and -COO groups via solvent molecules in ethanolic solution of lecithin. Rudolph and Crowe 30 also show the similar results by studying FTIR-Spectroscopy of aqueous proline.
CONCLUSION
It is concluded that lecithin-proline system in ethanol exhibits both type of interactions i.e., hydrophobic as well as electrostatic. Structural changes followed by rearrangement on addition of proline in ethanolic lecithin are quite evident as observed by decrease in v and values. The constancy in these values after 6.5 mmol · kg −1 proline is indicative of ring stacking polymerization of proline monomers due to hydrophobic interactions between pyrollidine rings. The results are strongly corroborated by the substantial decrease in stretching frequencies of -N H and -C O groups in the aggregation region with the help of FTIR study.
